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PRODUCTION OF MAGNESIUM FROM
THE GREAT SALT LAKE

by

G.T. Tripp
Magnesium Corporation of America

ABSTRACT

The relatively high concentration ofmagnesium chloride
in the Great Salt Lake provides for commercial extraction of
magnesium metal. Using natural geographical features and
drawing on previous industrial experience, a consortium of
commercial and manufacturing entities put together a system
to extract and puri$ the magnesium minerals from the lake
and generate magnesium metal. The process for producing
metal is described. Products, commercial by-products ofthe
process, and their uses are briefly described.

INTRODUCTION AND HISTORY

Through historical time, the Great Salt Lake has been
recognized as a valuable source of minerals. ln addition to
the sodium chloride "salt" incorporated in its name. the
lake's waters also serve as the raw material for the masne-
sium facility operated by Magnesium Coryoration of Ameri-
ca (MagCorp) at Rowley, Utah. That facility accounts for all
of the United States' magnesium-metal production, and a-
bout. 14 percent of the free world's magnesium-metal pro-
duction.

Production of magnesium metal fiom Great Salt Lake
has its roots from other places. During World War II, Nation-
al Lead Industries began to develop technology for the pro-
duction of magnesium by operating a govemment-owned
magnesium plant at Lucky, Ohio, using the ferro-silicon
process. The company gained additional expertise in the pro-
duction of magnesium metal, in 1951, with the formation of

magnesium and chlorine.

chemical company, in a venture to assess the Great Salt
Lake's potential for producing magnesium metal. The ven-
ture partners sought rights jlom the State of Utah to Stans-
bury Basin because they recognized its potential to be devel-
oped into an economical, natural solar pond system. The

Stansbury basin is a shallow depression in the lake bed which
is bounded on the east by Stansbury Island, on the west by
the Lakeside Mountains, and on the south by the naturally
increasing topography. To the northwest, the planned solar
ponds would be bounded by a mud flat that is somewhat
higher in elevation than the majority of the basin. To the
northeast, the area between Badger Island and Stansbury
Island consisted of relatively shallow water that could be
diked, and still allow access to deep water for a constant sup-
ply of feed brine for solar evaporation.

During 1965 and 1966, National Lead Industries con-
ducted pilot operations to select the best magnesium-produc-
ing process using Creat Salt Lake brines. Scale-model solar
ponds were constructed at Burmester, Utah, and a manufac-
turing pilot plant, designed for producing electrolytic-cell
feed, was built near Lakepoint, Utah. Magnesium chloride
product from this pilot plant was trucked 450 miles and fed
into a prototype cell at TIMET in Henderson, Nevada. Based
on the successes and data obtained from this early work, the
decision was made in 1969 to build a magnesium plant at
Rowley, Utah, utilizing brine from Great Salt Lake. By the
time construction plans were finalized, National Lead had
acquired sole ownership of the proposed magnesium opera-
tion.

Construction of the integrated facility began in 1970,
with Ralph M. Parsons as the general contractor. The new
magnesium manufacturing plant site was located ten miles
north oflnterstate 80 on the west side of the Stansbury basin.
The exact location was fixed to straddle two power-district
boundaries. This provided altemative sourcing of electrical
power, a substantial component of the manufacfuring cost.
The "Rowley" plant site was named for Jeff Rowley, who
was the CEO of National Lead during the period of con-
struction. In addition to normal construction costs, it was
necessary to construct 15 miles ofpaved highway, a railroad
spur, a natural gas line, and a dedicated 138,000-volt power
line to service the new plant.

Actual start up of the magnesium operations occurred in
the summer of 1972. Initially, operations experienced sub-
stantial difficulties as viable operating systems were devel-
oped. It was necessary to completely shut down operations
in 1975 to re-engineer some parts of the process. Norsk
Hydro, a magnesium producer in Norway, was contracted to
assist in this process, which included developing a system for
the removal of boron. Boron, which occurs naturally in
Great Salt Lake, had unexpected and adverse affects on the
quality of the final magnesium product.
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owned and operated by Amax.

The West Desert Pumping Project operated from April
1987 through June 1989, and then was shut down. Brine was

In 1989, Amax sold the magnesium facility to Renco
Inc., aprivately held company in New York. The magnesium
operation was renamed Magnesium Corporation of America
(MagCorp).

ln the late 1980s and early 1990s, the level of the Great

!{t t a!: receded as quickly as it had risen in the early
1980s. By 1992, fhe lake level had retreated to a level that
allowed_MagCorp to begin the process of re-commissioning
the ponds in the Stansbury basin. In 1995, the frst brine har-
vest from the Stansbury basin ponds was brought into the
plant.

ROWLEY MAGNESIUM PROCESS

Solar Evaporation

The raw material used in the manufacture of masnesium
metal is a concenfated magnesium chloride brine. -Magne-

sium, however, occurs naturally in the Great Salt Laki in
magne-
. 18 per-
approx-
n 1963.

centration,from 0.4 percent to 8.0 percent magnesium, Mag-
Corp employs the world's most extensive industrial use of

billion gallons of lake water are annually brought into the
Stansbury basin ponds, depending on evaporative perform-
ance, and brine requirements. The basin is divided into
smaller individual ponds, where efficient operation and max-
imum recovery are achieved by operating the ponds in a con-
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increases. The progressive concentration of magnesium is
illustrated in table 1, which starts with the relative ion con-
centrations of Great Salt Lake brine, and then shows the
effluent from three ofthe sequential ponds. The magnitude
ofthis evaporation step is illustrated by the fact that less than
one percent of the original volume of Great Salt Lake brine
finally reaches the plant to be used in the manufacture of
magnesium metal. During the concentration of the brine
abo:ut 5 million tons of mixid salts are deposited in the pondJ
each year.

Because of Utah's seasonal variations in weather and
temperature, and because the rate ofevaporation is inversely
related to the concenhation of the brine, it is only possible to
achieve the desired final brine concentration in the two or
three hottest and driest months ofthe year, typically starting
in the month of June. When the proper brine concentration
is achieved, the brine is pumped to "deep-storage" holding
ponds near the plant, that in aggregate can store up to three
years supply of brine. Deep storage is required to avoid dilu-
tion by precipitation. In addition to the magnesium-rich
brine product, which serves as the feed stock to the magne-
sium operation, sodium chloride, and potassium and magne-
sium salts are also recovered and sold. as will be described
later.

Feed Preparation

The preparation ofthe concentrated magnesium chloride
(MgCl2) brine for use as feed to the electrolytic cells entails
the removal of unwanted impurities, and further concenfa-
tion. The process steps are outlined in figure 1.

The concentrated MgCl2 brine is pumped from the deep-
storage holding ponds into the production plant where it
enters a series of reaction tanks where calcium chloride
(CaCl2) is added. Here, gypsum is precipitated and collect-
ed in a thickener. This reaction may be simplified as follows:

Equation l. MgSO4 + CaCl2 + CaSOalool; + MgClz

This step removes most of the sulfate, which may be
unstable in molten systems.
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Next, the brine next passes through a solvent exhaction
(liquid-liquid) step where a long-chain alcohol in a kerosene
carrier is used to remove the naturally occurring boron from
the solution. Boron is removed because it adversely affects
the purity of the final product.

In a third step, the brine passes through a pre-heater ves-
sel which utilizes waste process-heat to further concentrate
the brine prior to its being fed into large spray dryers. The
spray dryers convert the concentrated brine to a dry, gay
MgCl2 powder. The intent of this step is to remove all of the
water, but some residual amount remains. During the drying
process, some of the MgCl2 is oxidized to magnesium oxide
(MgO) through the hydrolysis of magresium chloride, as
shown in a simplified way as:

Equation 2. MgCl2 + H2O+MgO + 2HCl

The spray-drying process is energized by
the exhaust gases from natural-gas fired tur-
bine/generators in a true utilization of co-gen-
eration technology. The electricity produced
by the generators is used in the electrolysis of
MgCl2 described later. Gas bumers are avail-
able to operate the spray dryer when the tur-
bines are not available for use.

In the cell-feed preparation step, the
spray-dried MgCl2 powder is pneumatically
conveyed to, and stored in, large bins until it
is fed to the reactor, which is locally referred
to as the "reactor" orocess. In the reactor. the

MgCl2 powder from the spray dryers is melted and further
purified by introducing chlorine and carbon to remove MgO,
and any remaining water. This is a continuous process where
the spray-dried MgCl2 powder is hrst fed into a brick-lined
fumace known as a "melt cell" where it is melted by electri-
cal-resistance heating. Then the molten salt overflows the
melt cell, moves through a launder, and into a "reactor cell"
where additional retention time brings the intended chemical
reactions to completion. The melt temperature in the reactor
cell is kept at 1,500'F by providing sufficient altemating cur-
rent.

Removal of impurities is complex, but can be summ-
arized by the following sirnplified chemical equations:

Equation 3. 2MgO + C + 2C12 + 2MgClz+ COz

Equation4. 2H2O+C+2C12 + 4HCl1+CO2

The finished, molten MgCl2 product continuously over-
flows from the reactor cells and is transported to the elec-
trolytic cells.

Hydrogen chloride (HCl), produced from the chlorina-
tion of water (H2O) as shown in equation 4, is recovered as

concentrated hydrochloric acid. This acid is subsequently
reacted with limestone (CaCO3) to produce the CaCl2 (see
equation 5) that is needed for desulfation process, and in the
production of ferrous and ferric chlorides, which are sold as
by-products.

Equation 5. 2HCl + CaCO3 + CaClz + CO2 + H2O

Trble l, Percent ofeach ionic constituent in GSL brine and pond eflluents
(weight percent ofion in brine).

Ion Gre|t Salt
Lake Brine

Ellluent
Pond No. lS

Effluent Pond
Pond No. 2WE

Eflluent Pond No. 3C
to Holding Pond

Mg
K
Na
Li
B
CI
S0r

0.4
0.3
4.0

0.002
0.0018

7.0
1.0

2.0
l.f
7,0
0.0r

0.009
t 4.0
J-t,

4.8
3.6
2.6

0.024
0.021
16.0
J.J

8.5
0.15
0.2

0.07
0.06
22.6
4.2



STANSIBUBY ?ONO
SYSTEM

Unh Geological Suney

DEBORONATION
DESULFATION

ELECTROLYTIC
DECOMPOSITION GAST HOUSE

uum wagons. These wagons utilize a stationary vacuum sys-
tem to draw molten metal from tlre cell's molten-salt surfaces
into a steel vessel. Air pressure is subsequently applied to
force the molten magnesium from the steel vessel and trans-
fer it to holdingirefining furnaces. Here, the magnesium is
refined andlor alloyed as required. The magnesium is then
cast into ingots of varying shapes appropriate for the cus-
tomer's needs. Ingots may vary in weight from 15 to 1000
pounds. Most magnesium shipments to MagCorp's cus-
tomers are done by truck, with a lesser portion being shipped
by rail.

USES OF MAGI\ESIUM

In 1997, the total world consumption of magnesium was
estimated at 368,170 short tons. The plant at Rowley is
among the largest in the free world. lts output represents
about 14 percent of the world production, and over 50 per-
cent of the domestic production.

The largest single use of magnesium is for alloying with
aluminum to provide strength, malleability, and corrosion
resistance. The aluminum beverage can is the largest single
user, but significant quantities of magnesium are present in
almost every structural use of aluminum ranging from win-
dow frames to aircraft components,

The second most important market for magnesium is in
structural applications via die casting. The largest, and ever-
increasing, volume of magnesium die castings is used in the

SOLAR PONDS

SPRAY DRYING MELTING/PURIFICATION
CONCENTMTE/PREHEAT

Figure I. Magnesiwn process flow diagram.

Production and llandling of Magnesium Metal

Molten salt containing about 94 percent MgCl2 is trans-
ferred to the electrolytic cells on a rigid schedule. In the
e'lectrolytic cells the molten magnesium chloride is electro-
chemically decomposed to molten magnesium and gaseous
chlorine. The electrolytic cells are constructed as brick-lined
steel fumaces equipped with negatively charged steel elec-
trodes (cathodes), and postively charged graphite electrodes
(anodes). Magnesium forms on the cathode and migrates to
the top of the molten salt due to buoyancy. Chlorine gas
forms on the anodes and is removed from the electrolvtic
cells by induced draft. The chlorine is then drawn to the
chlorine recovery plant where it is cleaned, compressed and
liquified. The magnesium metal is removed from the cells
and it sent to the foundry. The design of electrolytic cells
separates the molten magnesium metal from the gaseous
chlorine to prevent chemical recombination. The majority of
the efectrolytic cells at Rowley (2002) are a modern design
that was developed at Rowley over a period ofyears, and are
commonly refened to as M Cells. The electrolyic cells are
dependent on careful conshuction and electrode alignment
for effic'ient operation, magnesium and chlorine recover],
and extended operation. Extemal cooling is provided for
temperature control. In addition to the "M Cells," Magcorp
also utilizes the "Amax Sealed Cell" desisn which was
developed under Amax's term of ownership in the 1980s.

The molten metal is transferred from the electrolvtic
cells to the foundry via mobile transports referred to as vac-

t<Nor.!s ?oND
SYSTEM
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and power hand tools, where magnesium's light weight
improves safety and operator performance.

Magnesium's electro-chemical potential is ideal for use
in corrosion protection applications. A substantial amount of

CO-PRODUCTS AND BY-PRODUCTS

Chlorine

produced at MagCorp's Rowley operation is recycled in the
process (see equations 3 and 4). Excess chlorine is trans-
ported by rail and sold in the Salt Lake area and throughout
the Westem United States. MagCorp accounts for about 0.3
percent ofthe United States' chlorine production.

at Rowley has been used in the
go , plastics, leaching ofgold_bear_
mg ral commercial uses. Other uses
include water purification, medicines, and many chemicals,
just to name a few.

Calcium Chloride

sulphate (see equat'ion l). The balance is available for out-
side sales. Elsewhere, calcium chloride is used as an additive
to specialized concrete, as a dust suppressant, ice melting, in
chemical manufacturing, in the paper industry and for
heavy-media purposes in oil field service.
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Ferrous and Ferric Chloride

Iron chlorides (fenous and fenic) are also produced at

convert it to ferric chloride. Iron chlorides are sold rnainlv
for sewage treatment. Other uses include metal treatrneni,
producing iron-based chemicals, and as a chlorinating and
oxidizing agents.

Brines and Sodium Chloride

By contractual arrangement, about 25 percent of Mag-
Corp's total brine volume in its solar pond system is diverted
to an adjacent sodium chloride operation where high-quality,
commercial grades of salt (NaCl) are deposited. The bittems
(concentrated brines exiting the sodium chloride operation)
are then retumed to MagCorp's ponds for inclusion with the
brine being concentrated for use in the production ofmagne-
sium metal. In MagCorp's solar ponding operation, a signif-
icant amount of NaCl is precipitated. Much of this is not
commercially useful, however, due to impurities and remote-
ness of location.

Potassium and Magnesium Salts

As the brine in MagCorp's solar-evaporation ponds
approaches the final desired magnesium concentration, mix-
hrres of potassium and magnesium salts such as kainite,
schoenite, and camallite are being precipitated. These salts,
deposited in the final ponds, are acceptable as feed stock lor
the commercial production of sulfate-of-potash fertilizer, and
are, on occasion, harvested and sold for that purpose.

Potential By-Products

Other by-products are being
the production of magnesium at R
ucts include commercial grades of
metal or lithium compounds, and bromine compounds.

CONCLUSIONS

Magnesium is a versatile metal for which demand has
grown in recent years due to its properties of good strength
and low density. The minerals in the Great Salt Lake serve
as a source ofraw material for one ofthe world's sienificant
and successful magnesium producers. The unique n=ature of
the Great Salt Lake provides substantial advantages to the
recovery process as well as creating special challenges. The
abundant volume of magnesium (even at dilute concentra-
tions) in the Great Salt Lake, in combination with the use of
solar energy, provides the basis for an athactive raw-materi-
al source. The chemistry ofthe lake, and the extraction pro-
cess used, result in production of magnesium metal with few
impurities. The challenge of developing a commercially
viable extraction process has taken years to refine due to the
unique and distinctive nature of the manufacturing process.
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PIIODU(]'TION OI] MAGNISIUM FRON{ THE GREAT SALT LAKE

by Dr. Rol:crt Toonrct'

NL lndustries

INTRODUCTION

ln I940, NL lrrdustrics bcgan to tlcveklp its
technology tirr thc productiorr of rnagrrcsiuur by
opcrating a govcrnnlcnt nragncsiunr Plant using thc fcrro
silicorr proccss at Lucky. Ohio. during World War ll. The
conrpany contirructl devclopmcnt of its cxpertisc with
the filrnration in l95l of a jointly-owncd contpany, the
Titaniuur Mctals Corprrlation of Arrtcrica at llendursulr,
Ncvada. lllagncsiurn uretal is uscd in tlic rcduction of
titlniunt arrd thc nragncsiunt valucs are tlrcn rcc<lvcrcd as

MgC12, which is clcctrolyzccl to rccovcr both nragrresium
rnd chlorirrc. ln thc l9CrO's. NL Industries bcgan an

activc invcstigation into the possibilitics of producing
and sclling cornrlcrcial quantities ol' rnagnesiunr rrretal.
ln seurching ibr irdditional sourccs ol'rlagncsiurn, NL
lndustrics bccunrc arvarc of the potential tlf tlre (lrelt
Salt Lakc. A revicw of tltc various sourccs tll rlagnesiunr
lctl ro thc sclecrion of the Grcat Salt Lake as thc pre-

l-crrccl placc to locatc u plant.

Duling lt)65 und l9(r6. NL lndustrics cttnductcd
pilof opcrutions to sclcct the bcst process fur use with
Crcat Stlt L:rke brincs. Solar ponds wcrc constructcd at

Burnrestcr, tJtah. arrd a pilot plant ft'rr producing ccll
feed was built at Lakepoint, Utah. Product fronr this
pilot plant l'ed a proto-typc cell at TlMtrT in l-lenderson,
Nevada. Frorn this prograln a dccision was
rnadc in 1969 to build a nragncsiunr plant at Rowley,
Utah, to utilize brine frtlnr the Crcat Salt Lake.

ROWLTT' MAGNESI UM PROC ESS

Costs alrd rcliability wcrc both critical factors in

deterrnining the proccs to bc sclected for the Rowley
plant. Even at this early stagc considerable effort was
spent in reducirrg the cnergy consumption to as low a

value as possible per pound of nragnesiunr produced.
Frorn the early pilot plant work and through thc initial
plant operation, proccss stcps were selectcd and nrod-
ified in order to rcach tlrcse objectivcs. Thc prcsent
Rowlcy process is dcscribed below.

Solar Evaporation

The hrst step in thc process is the use of solar
energy to perfornr the rnajor part of the concentra-
ti<rn of the magnesiunr values. A 25,000 acre pond

systern was built in the Stansbury Basin which is west of
Stansbury lsland and south of' Badger lsland. This basin

is divided into thrce ponds wherc the desired brine
conccntration ol 7.5"/o nragnesiunr by weight is achievcd.
Thc progrcssive concentratioll of rnagncsiurtr is illus-
tratcd in Table I. which shows thc relative concentra-
tions of' the Great Salt Lakc and the efflucnt fronr the

three ponds in se<1uencc. The nragnitudc ol this evapora-
tioll step rs rllustrated by the tuct that less than thrce
percent of the volumc of the original Great Salt Lake

brirre reachcs thc plant h<-rldirrg pond. In oonccntrating
the brinc ovcr .1.000,000 tons of salts are deposited
in the ponds each ycar.

'l rblo l. l)ercunt (,l citcll c()trstituent.

Mg 0.4 2.O
K 0.3 r.s
Nu 4.0 1.O
Li 0.002 0.0 |

R 0.00 I tr o-ooll
('f 't.o 14.0
SOa 1.0 5.0

4.It
.1.6
2.6
o.o24
o.o2 I

t6.o
f,.J

'7.5

0.E
0.5
o.o6
o.o5 4

20.3
4.4

Because of the scasonal variations in weather and

ternpcrature in Utah, evaporation of this quantity of
brine rnust takc place within the threc or four hottest
and driest months starting sometirne in May. When the
proper concentration is achieved, the concentrated brinc
is purnpcd to a holding pond, which can store up to two
years' supply of brinc, This storage is required to insure
an adequate supply of brine dunng a year when the
weather conditions would not pernrit adequate evapora-

tion. Additi<.rnal scparation of solids and concentration
is usually achicved in the holding ponds. Thus, the
concentration of rnagnesium is usually brought to an
cxcess of 7.5%Mgor 30% MgCl2 with very little energy

input bcsides solar evaporation.

Feed Prcparation

The I'ccd preparation for the electrolytic cells

consists of further concentrating the brine, removing

unwanted impurities, adjusting for the correct pro-
portions of other salts with thc MgCl2, arrd tltc trreltittg

and final purification of the rnolten MgCl2. The process

stcps are outlined in Figure l. The brine is pumped in
frorn the holding pond and is f'irst heated and concen-

(;rcilt Srlt
Lakc llrinc

F:ffluetrt Pond No. f
t0 lloldinC Pond

GSz Boak /?Fa
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tratcd. Alter conccntrating. it is rcactcd witlr CaCl2 and

thc rcsulting gypsun) is prccipitated and colle'cted in a

thickcner. This reaution is irs lilllows:

Iiqturti,rn l.

IlgSOa + ('it('12 + lll2O + (rSOa . 2ll2O + 1191'1,

This step renrovcs Inosl ()l'the sullatc. which is not
ilcccplilblc in clcctrllytic ccll t'cc.d. Due to thc conccn-
trlting lncl sutrserluent cooliug a rnajority ofthe rcniain-
ing potassiurn ond sodiurn valucs arc also precipitatcd as

solids in tlrc thickerrer. The potassium is precipitatcd
prinlarily as canrallitc, KCl.MgCl2.6H2O. and thc
sodiunl as NaCl. The brinc llcxt passcs throrrgh ir litlrrid-
licluid cxtraction stclr rvhcreby'ihc bororr values are

removcd, ils this inrpurity is also vcry detrinrcntal to
clcct()lytic ccll operation. Next, thc brirrc passes

thrtrugh a prehcaler in whiclr it is heatcd and further
concentralcd plior to bcing li'd to spray clrycrs. Thc
spluy drycrs convcrt thc conccrrtratcd bLinc to a clry
Nlgcl2 powdcr. This pr0cluct c(nltains about 4ta MgO

ud 4',?' crurbincd rvatcr. Thc MgO is tirrnrcd by hydxll-
1.'sis of NlgCl2 ils sllr)wn:

l:qultion 2.

Ilg('12 +ll20 + \lgO + lll('1

Utilizrtion of cncrgy in tlrc l'ccd preparatiorl stcp

of the' plartt is cxtrcnrcly e tl'icient. ln orclqr to cllsurL'

the availability' of sonrc or'r-sitc power. pilrt ol'our power

is gencrilt!'(l in gas turbincs. Aftcr producing porvur thc
cxhaust glscs plss frour the g,cucrator to the spray dr1,er

at lp1:roxirnatcly 930'F rvhcrc thc hc'at is used to tirnn
tltc rlagncsiunr chloriclc porvdeL. Thcsc gascs lclve thc

spray drycr at about 550"F and arc then uscd as the lrcat

sourcc ill thc concentratirrg and prelrcuting ofthc brine

l)rior to ll'etling ir ro tllc spray dr),er. This gives rD
ovcrull cnergy utilizrtion of ovcr 901:i. Gas burncrs arc

available' to ol'rc[0tc thc spriry dfycr rvherr tlrc tuLbincs
urr'rtot irt rrsc.

Thc sprry-r.lryc'd powder is stoled unlil f'ed to a

nrclt ccll. ln tlris vcsselthc prlrvder is mclted and lirrthcr
purilied rvitlr chlorinc arrtl otlrcr rcactants to renrove'

lvlgO. wute-r. bronrinr'. antl other irrrprrLities including
nlost hcavy rnctals. This is ir corttiltuous pr0ccss and as

powrlcr is f'cd to thc nrclt cell. nloltcr'r salt tlverflorvs

lronr llrc rnclt cell through a launclcr arld irrto r rcactor

ccll rvhe re thc purilicirtion is conrtrrlctetl. Tlrr' rcactor cell
vcsrcl: irrc brick liucd arttl alrprtrxirrratcly 13'x 17'x B'

dc'cp. Thc nrclt tcrnpcraturc is kept at 1500" F bv
pnrviding sul'l'icicnt allcrnltirtg curretrt to nrainte irt this

t cl'nt)e Iat u rc.

Rcnroval of irnpuritics is cornplcx but can be

surnnrarizcd by thc folltlwing sirnplitied cquatious:

l:ttuatirrn -1.

[.qurtion 4.

l.irlrr;rt irrrr 5

Il$O + l:(' + ('lz +llg(-lz + 'r(lC):

ll2O + t':(' + ('lz + 2llCl1 + Y;1'9t

!\lgllr2 + (lz + Itg('lz + Brzf

The product colltinuotlsly ovcrl'lows frotl tlre

reactor cells and is fed directly to the clectrolytic cells.

Thc specifications tirr tlris matcrial lrc as follows:

llronrinc Lcss thun t).0117
Boron Lcss than 0.00111
Nllgncsium Oritlc Lcss than 0.2'zi
Wltur Lcss than 0,2',i
Sulfatc Lcss than 0-0117

l{Cl produced fronr the chlorination of watcr as

slrown in ['.quation 4 is recovered as culcent rated

hydroohloric acid which is subscqucntly reirctccl with
lirue to producc thc CaCl2 ncedcd lirr desullation:

llqurtion 6.

2ll('l + ('a (Otl)2 + ('aClz + 2llzO

Production ancl Handling

of Magnesiunr Metal

Moltcn salt ctlrttaining ahortt 94'7. MgCl" is trans-

l'erred to tlrc electrolytic cclls on a rigid schcdule. The
c'clls at Rowley arc essentially a rnodification of the l.G.
F'arben cell developcd in Gernrany in the 1930's. These
are nornrally referred to as I.G. cells and ligure 2 shows

a sketch of a typical cell. This cell consists usually of
thrcc to fivc graphite anodes with steel cathodes on
either side. Sernirvalls exterrdirrg fronr tl're top of the ccll
down into the bath isolates trvo gas conrpartntents. Tltc
gas cornpurtrlrents around tlre anode collcct the chlorine
gas. which is gcncrated on tllc rnode surfacc. The
chlorine is tlren punrpcd to the ohlorinc recovery plant.
The cathode conlpartrrent collects the nragnesiutn metal
rvhich floats on thc salt. The uragnesiurn rnetal is
rcrnovcd frorn thc cells cach day and scrlt to thc tbund-
ry. (Sul'ficicnt air is passed over the cathode compart-
rrlent to renrovc any fuutes and then through a scrubber
in ordcr to kecp the envirollnrerlt arout]tl the cells tn
satislictory condition). The rnctal transl'crrcd to thc

Ioundry is conditioned, purified as ttceded, alloycd as

rcquircd, arrd pourcd intrl nrolds for shipmcnt. These
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nlolds rlli.ty vlllv front l6 peitrnds to 500 potrnds or lllolc

:rnd rnal'be in thc foLrn ol'spccial shapcs ill ()lde'r to

scwc spcciliccl end tlscs.

USF. OT.'PRODLICTS

ln 1977 rl)c total lrce worlcl cotrsunrption of rnag-

ncsiunl approachctl 220.000 short tons of rvhich about

130.000 totrs wcre consutnetl in the United Statcs' Thc

l)lant ul Ruwlcv is thc tl'rird largest irr tlrc lrcc world end

i.pr.t.ntt abotrt 101.1c ol thc rvorld production and207c

ol' thc' donrcstic Production.

The largest singlc use of ttlagttesiunt is lbr alloying

alunrinunt to provide strctrgtlt, nralleability, and cor'

rosion rcsistaltce. The alutninutn beverage cull is thc larg-

est single user. but signit'icant cluantities of aircraft and

ur.lto[rolivc shcct also rccluirc ntagncsiunr additions'

Wheu tttagncsiuttl is uddetl to irotr. brittlc gruy iron

is transforrtred into higlrer strength ductile irott' Auto'

lrotivc crankcascs, rvliich used to be lbrgings' arc llow

duclilc irou. Recently. rrt;lgt.tcsitltll ltas bccn injectcd into

stcel to rcnlovc erllbrittling sulphur conlpoullds'

Magncsiunr is used as u rcducing agent in tlte pro-

duction of titaniurtr. z.itconiunl, hafniunr. arld bery'lliuni'

Othcr chcnrical uscs arc ls a grignard reagellt, tnotor oil

udditivc. pyrotcchrtic rnaterial, and as cotlsutuablc

artodes for cathodic Protectioll.

Utah Geological and Mineral Survey, Bulletin 116' 1980

As r structurul material, lllagllcsitllll ls lnQst viable

as :r die caslillg li)r cltaitt sarvs, lawtr ntower housings'

and the laurous Volkswagen Beetlc erlginc' Volkswagcn

is still the largesl structural uscl of ntagnesiunt for

enginc and tratrsnlissiott corllP()ncnts' NL supplies

magncsiunr to Volkswagcrt's Braz'ilian plunt tbr tltis

1rurput.. Extrusiotls. tool plate. sheet, and platc alstr

lind u varietY of uscs.

Whilc nrost ol' the ntagrrcsiunt produced is for

dourcstic consutlrpti<rn- N L has shippcd rttatcrill ovcrseas

prinrarily to [:uropc, South Alrtcrica. and Japan'

A co-product to ntagresiunt is clrlorine, ntost ol'

which is recycletl in tlte proccss: howcver, exccss cltlo-

rinc (approxinrately 18,000 ton/ycar) is bcirrg sold in tlre

Salt Lukc area and thc westcrtl Urrited Stutes' Chloriue

has a variety of chclnical uses atrd is also used in water

purification. Thc plant at Rowley pr<-rvides a Utah source

of chlorirre to replace that prcviously shipped in frotn

thc Pacific Nortltwest.

Othcr by-products presently being considcred

frorn the production of nlagnesium at Rowlcy, Utah arc

CaCl2, HCl. lithiurn conrpounds, and brotninc cotn'

pounds. ln adclition. millions of tons of salt are being

depositcd irr the p<-rrtds. Thcse salts are largely sodiutlr

chloritle atrcl vari<-rus sulfates. Salcs ol these salts' direct

or aflcr rnodillcation, will add potcntirI itrcotrte in

the futurc.

Cathode ofl gases

magnesrum

smut

liigure 2. Typical l. G. electftrlytic ccll uscd lor the production ol'nragnesiurll rllctal dnd chlorinc gas'
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MAGI{ESIUM METAL FRO'I fiE GREAT SAIT IAKE

INTRODUCTION

Ten years ago, NL Industries began an active investigation into the

possibilities of producing corunercial quantities of nagnesiun uretal.

NL lndustries had been active in nagnesiun netal production in the past.

We had operated a goverrutent magnesium plant using the ferro silicon

process at Lucky, ohio during lforld t{ar rr. since early in the l950ts

we have been involved in the production of magnesiun metal at Henderson,

Nevada as part of a titanirm plant through our affiliate, TIMET.

A review of the various sor.rrbes of nagnesirrn led to the selection of

tho Great Salt Lake as the preferred place to locate a plant. Development

work was done on utilizing this particular raw material, and a plant was

designed arl built to produce 451000 tons of nagnesirnr per year along with

by-product chlorine. The plant is shown in an aerial photograph in Frgu.e l.
Pilot York was done to seek a process for this location, to mininize raw

naterial costs, and to lower power costs. porer costs are always a naJor

factor in a process roquiring electrolytic cells, and nor* under present day

conditions nininrizing the use of power ls even nrore inportant in extending

this cotmtr?ts overall porcer supply.

RolfLnY M^cNlrpnlit PRocEss

First, it ls doslrablo to look at tho basic procoss steps at Ror*ley.

these aro shown in Figure 2. Brine containing Z.St lG is punped fron orr

solar evaporation ponds to a holding pond which holds over a yearts supply

of fsed for the plant. From thts holding pond, the brine ls first puupod
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to I desulfatlon step rrhere calclm chloride is added in order to reduce

the sulfate value of the brlne to an acceptable level for cell feed. the

brine ls then concentrated and passed through a crystallirer whereby carnallite,

MgCl2.KCl.6H2Ol is precipitated and removed from the brine. the brine is

then preheated and punped into one of three large spray dryers. the spray

dryers produce a powder containing a ninimun quantity of oxygen in the form

of MgO and H2O. Less than 58 of each corponent can consistently be produced.

the purpose of tho steps up to this point is twofold. First, to produce

a mgnesiun chlorido solid vhich contains the desired anount of calcium,

sodiun and potassiun chlorides which are required in the electrolytic cells

to naintain the proper magnesiun chloride content. Because the electrolytic

cells nust be operated at low MgCl2 contents, sqne addition of these other

salts is always required to naintain the ptoper coryosition as metal and

sludge ate rotpved from the electrolytic cells. the second purpose of these

steps is to naintain the bulk of the MgCfa that is originally in the brine

as MgCl2 and nininize the conversion to MgO as the lest water nolecule of

hydration i: largely removed.

lhe spray dryer product is then melted, purified and sent to the elec-

trolytic cells where nagnesiun and chlorine are produced. Ou cells are a

mdification of the electrolyt.ic cells developed by I.G. Farbin Industries

of Gernany in the Ttrirties, and are normally referred to as IG Cells

Figuro 3 shows a sketch of a tlalcal IG Cell. This cell consists usually

of 3 to 5 graphite anodes with steol cathodes on each side. Semiwalls

o)ctonding fron the top int,o the bath isolate the two gas compartments. lhe

gas coryartnent around the anods collects the chlorine gas for recovery,
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rhlle the cathode compartnent collects the metal

of air over the compartment in order to cool the

this area to a scrubbing s)'sten.

The nagnesiun is removed frorn the cells,
and poured into nrlds for shipment. Chlorine

purped to railway csrs for shipment.

and allows for tho passage

cell and carry frmes fronr

conditioned, alloyed as required,

is cleaned, ccrmpressed and

lhis simplified process description as presented does not, of course,

reflect soue of the cornplexities.which exist in this process. Some general

connents on processes for producing magnesiunr netal are in order. one of
the mst difficult. areas and one in which considerable work has been done

throughout the worrd is in the separation of magnesir.mr chloride fron its
chemically bound water. This separatron i.i necessary to sone e\tent in all
the presently developed Processes. Besides thls najor separation of uater,
thsre are nany other irnpurities that will affect the operation of a cell.
Ttris bpcones a very lntriguing problem if one realizes that there is a very
definite relationship between the effect of impurities which exist in the
feed to the electrolytic cell and the alnpst infinite design paraneters that
can be built into a cerl. It is an oversimplification to say that cells
in general nust contain less than certain inpurity levels in order to get

a specific resul,t. This explains why thero are many apparently conflicting
statements to be found in tho literature. In sone cases, eonsiderable

varletion ln impurity levels can be tolerated by design considerations in
tho cell. Tltis is anply denpnstrated by the Dow process which uses a v6ry
lnpuro feod so far as water is concerned, because the design of that cell
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vas nede to scceit that levol of impurity and produce a product at a

satisfactory cost. on the other hand, the rG cell requires nuch higher

renoval of water and oxide ln order to get any reasonable current effi-
cioncy. Concentrations on tho order of 0.lt to 0,24 or less are required

for optimum operation.

the effect of cell design and operation can also affect the allowable

levels of other inrpurities. The literature has many examples of studies

of inptrrities, snd the levels that can be tolerated for specific perfor-
lnances. lltese impurities which are or can be foturd in.undesirable quantities
include nagnesiun oxide, water, hydroryI group, bromine, boron, iron, carbon,

sulfur and titanium.

Different sources of ores or brines will, of course, contain a wide

variety in the level of the various inrpurities. For this reason, the steps

in the purification of the magnesiun values from these various sources will
vary with the sou'ce and, in fact, this could dictate changes in cell design.

In other word's, both the preparation of cell feed and cell operation and

dosign nust be directly related to the source of raw naterial.
Tlre key to success of any electrolytic magnesiun process really lies

in the effective oPeration of the electrolytic cells. This is where the

netal is nade, and this is where high power costs are involved. For optimum

cell operation, in spite of the above conments on interaction between

iryurities and cell design, the best operation of any cell is going to
occur in general with the highest purity fesd. The pmblen then becones

one of taking a specific law tnaterial source, reducing inpuritles as far
as c8n be econmically Justified, and then feeding this rnaterial to an
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eloctrolytic cell so designed to nrininize the overall cost

ducs a satisfactory quality metal. An infinite nunber of

that will pro-

variations are

availablo for consideration and testing.

Ihls problen is nade even more challenging from an engineering view-

point in the fact that relatively pure nolten magnesium chlorlde is verT

difficult to handle. It is easy to underestimate the problenrs involved

in handling, noving and purifying magnosiun chloride.

ITE!,|S OF INTEREST IN THE ROWTEY PROCESS

1. Solar Evaporation. Solar evaporation was selected to perforn the

prinary removal of the majority of water as well as other naterials from

the nagneslun chlofide, and this has prcven to be a low cost nethod for

teachin., a brine containing 30t containei nagnesiun chloride.

2. Inpuri.ties. After concentration, spra)' drying and purification,

tho dagnosiun chlorlde contont will be in excess of 90t nagnesiun chioride.

Most of the remaining material consists of calciun chloride, sodirn chloride

and potassium chlorldo which can bo adJustod to some extent in the proccss

to cortrol the composition of tho salt in the electrolytic cells. The salt

in the electrolytic cell is maintained et a magnesir.un chloride content

between l0 and 22t nagnesiun chloride. Reduction of MgO and H2o'has already

been nentioned as :rn important factor. For those impurities in the Great

Salt Lake, we are specifically interested in the overall proeess to hold

tlre concentrations going to tho electrolytic cells below the following figures:

Percent in Cell Feed

Bromino
Bonon
Magnesiun Oxido
l{ator [incl. (OH)]
Sulfato

{0.01
<0.0020
<0.2
<0.2
<0.01



-6-

t. 'lithlun. One ftinrpurltytr in tho Great Salt Lake actually contri-
butcs a distinct advantage to our process. The presence of lithiun ln the

brlno gives us tho ability to control the lithiun content of the salt in
our electrolytic cells to the optinum level. Figure 4 is taken from a

Patent by F. E. Lovel and shows that as one increases the lithiun content

tho conductivity of the bath increases and therefore the voltage for a

glven throughput is appreciably decreased.

1. Power. Consumtion--Feed Preparation. lhere are various costs

lnvolved in the operation of the electrolytic cells, but the rnost inportant
cost ls the power cost. This is presently a factor not only in the actual

cost, Per ser but also in the need to nininize our consunption of power.

The two principal tises of power are ln the feed preparation and in the

oloctrolytic cells. In order to insure the generation of some on-site

Itower, we generate part of our own electrical povror in tqrbines. Figuo 5

shows the equipnent through whlch the gases fron the trrbines pass to naxi-
nize heat lecovery. The gases leaving r,hss: turbines are flrst the sornce

of heat for vaporlzing the final water in the spray dryers. After the spray

dryers the gases are used both to provide the heat source for heating the

brlne and for evaporating water prior to the spray dryer.

The cost of power for the electro-
lytic cells is of prime concem on this process. Power costs can be looked

at as a function of two items, the average voltago required ecross the cell
and the nagnesitur clncrent efflciency. This latter term is defined as. the

percentage of motal sctuelly collocted for a given amount, of current passid
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through, as cotrpared to the theoretical netat possible to generate with

that cur:ront. Table I shows the genoralized Telationship between the

power consumption and tho voltage and curreilt efficienc)'.' The deconposi-

tton.voltage is 2.6, which ls essential for the breakdown of the nagnesiur

chloride. Connercial cells can be developed that would result in voltages

ftm someuhat over the decomposition voltage to voltages of the order of

3 and 4 tines the decornposition voltage. 0n exanination of this table, it
is obvious that the selection of the raw naterial, the purification of the

feed, and the design of the cell urust be directed toward minimizing cell

voltage uhile holding the current efficiency at a reasonabfy high level.

As noted above, one of the advantages of operating on the Great Salt Lake

is the Presence of lithirur in the feed and the ability to control the lithiun

contont at the optimun level. Thus, the Great Salt Lake gives us a tlecided

advantage.

6. thlorino Produc.tion. Ilris process, as installed, produces both
t

nagnesicr in'f chlorine. Part of that chlorine is reused in the ptocess

and the remainder is available for sale. One objective of the process as

deslgned and installed was to keep the original magnesiun chlorlde to the

extent possible as nagnes.itm chloride throughout the process so that the

use of chlorine or HCI would not be required to convert the magnesium in

3onre other form to magnesium chloride. Essentially all the nagnesiun

values in the brine as either the chloride or the sulfate enter the spray

drTor os the chloride except for ths losses in the process prlncipally as

carnalllte" Over gOt of the tlgC,lt golng into the sptay dryer leaves the

tpray dryor ln the forn of MgCl2.
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. co{clusroN

The value of the mi.ner-als in the Great Salt Lake has brought Nt Industries

to Utah and resulted in the design, constnrction and operation of a plant for
the productlon of nagresiurn rnetal 

"

nrrgRENcns

lP. g. Love, U.S. patent 3,gg9,062.
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TABLB I

KI{H PER FOT'ND OF MAGNESITII

70N 90t80t

cEtt
lOLTAGE

CURRENT
EFFICIENCY

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

60t

9,17

10.00

10.83

11.67

12.50

13.33

t4.t7
15.00

7,86

8.57

9.29

r0.00
r0.71

LL.42

12. t3
12.85

6.lr
6.66

7.22

7.78

8.53

8.E9

9.44

10.00

100t

5.50

6.00
6.s0
7.00

7.S0

8.00

8.50

9.00

6.gg

7.50

8.13

8.75

9.38

10.00

t0.62

ll .25
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2RODUCTION OF I4AGNESiUM FROM THE GREAT SALT LAKE

by Dr. Robert Toomey Amended by Lee R. Brown 1991

Magnesium Corporation of America
(Magcorp )

iNTRODUCT ION

In 1940, NL Industries began to develop its technology for the production

of magnesium by operatfng a government magnesium plant using the ferro silicon
process at Lucky,Ohio, during btorld !{ar II. The company continued development

of its expertise with the formation in 1951 of a jointly-owned company, the

Titanium l4etals Corporation of America at Henderson, Nevada. Magnesium meta'l is
used in the reduction of titanium and the magnesium va1ues are then recovered as

MgC12, which is electrolyzed to recover bothlmagnesium and chlorine. In the
1960's, NL industries began an active investigation into the possibilities of
producing and selling commercial quantities of magnesium metal. In searching for
additional sources of magnesium, NL Industries became aware of the potential of
the Great Sait Lake. A review of the various sources of magnesium led to the

selection of the Great Salt Lake as the preferred place tolocate a plant.

During 1965 and 1966, NL Industries conducted pilot operations to select
the best process for use with Great Salt Lake brines. Solar ponds were con-
structed at Burmester, Utah and a pilot plant for producing ce1'l feed was built
at Lakepoint, Utah. Product from this pi'lot plant fed a prototype cell at TIMET

in Henderson, Nevada. From this program a decision was made in 1969 to build a

magnesium plant at Rowley, Utah, to utilize brine from the Great Salt Lake.

The plant was completed in L972, but design problems with less than
expected productivity required closure in 1976 to redesign critical processes.
The p'lant re-started production in L977 and operated at below its 36,000

tons/year capaci ty unti'l 1980 when the faci'li ty was sol d to AI4AX Inc. The

rising Great Salt Lake breached parts of the 15 mile dike enclosing the Stans-
bury Basin So]ar Evaporation Ponds in 1983. The dike was rebuilt at tremendous
costs to maintain the ponds against still rising level of the lake. The dike
was breached once again in 1986 when the lake hit the 100 year high level
record. Ra ther than c'l osi ng the magnesi um faci 1 i ty AMAX inc. wi thdrew from

Stansbury Basin and construct€d new solar evaporation ponds near Knolls, Utah

next to the ldest Desert Pond created by the State of Utah !,lest Desert Pumping

Project which was built to control flooding in the lake. AMAX's Knolls So1ar
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Evaporation Pond system was completed in 1998 and brine was pumped from the
States irlest Desert Lake until July f989. in August 1989 AMAX Inc. sold the
magnesium faci'lity to the RENC0 Group inc. (a privately held company) and was

renamed Magnesium Corporation of America (Magcorp).

i'lagcorp contributes approximately $4.5 mi'llion in tax dollars to the
states economy and over $20 million direcily to utah,s economy.

R0l.lLEY MAGNESIU'\ PR0CESS

So'lar Evapora ti on

s

The first step in the process is the use of so'lar energy to perform the
major part of the concentration of the magnesium va'lues. A 50,000 acre pond
system was built in the Stansbury Basin which is west of stansbury Island and
south of Badger Island in 1970. This basin is divided into three ponds where
the desired brfne concentration of 7.51 magnesium by weigh$ is achieved. The
Knolls Solar Evaporation Ponds System constructed within 25,000 acres in lggg
enabled t4agcorp to capture a 10 year supply of brine after one and one hajf
years of harvestfng- The progressive concentration of magnesium is illustrated
in Tab'le l, which shows the re'lative concentrations of the Great salt Lake and
the effluent from the three ponds in sequence. The magnitude of this evapora-
tion step is illustrated by the fact that the'less than three percent of the
volume of the original Great Salt Lake brine reaches the plant holding pond. in
concentrating the brine over 3,000,000 tons of salts are deposited in the ponds
each year.

Table 1. Percent of each consti tuent

Great Sal t
Lake Erine

Effl uent
Pond No. i

Effl uen t
Pond No. 2

Effluent Pond No. 3
to Holding Pond

Mg

K

Na
Li
B

c'l
so+

0.4
0.3
4.0
0.002
0.0018
7.0
1.0

2.0
1.5
7.4
0.01
0.009

14.0
5.0

4.5
3.6
2.6
0.024
0.021

16.0
c?

7.5
0.8
0.5
0.06
0.0s4

20.3
4.4
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Because of the seasonal variations in weather and temperature in Utah,

evaporation of this quantity of brine must take place within the three or four
hottest and driest months starting sometime in May. When the proper concentra-

tion is achieved, the concentrated brine is pumped to a holding pond, which can

store up to two years' supply of brine. This storage is required to ensure an

adequate supply of brine during a year when the weather conditions would not
permit adequate evaporation. Additional separation of solids and concentration
is usually achieved in the ho'lding ponds. Thus, the concentration of magnesium

is usually brought to an excess it 7.5U MgCi2.

Feed Preparati on

!
The feed preparation for the electrolytic cells consists of further

concentrating the brine, removing unlanted impurities, adjusting for the correct
proportions of other sa'lts with the ivlgCl2 and the me.tting and final purification
of the molten Mgc'|2. The process steps are outlined fn Figure 1. The brine is
pumped in from the holding pond and is first heated and c-oncentrated. After
concentrating, it is sent back to one of the ho]ding ponds and allowed to cool
to faci'litate removal of potassium by crysta'l'lfzation of kainite and some

carna'll i te double sal ts. The supernatent is then reacted with CaC'I2 and the
resulting gypsum is precipitated and col'lected in a thickener. This reaction is
as follows:

Equation 1

MgS04+CaClZ+ZHZ} cAs04+2H20+MgCt2

This step removes most of the sulfate, which is not acceptab'le in electro-
lytic cell feed. The brine next passes through a liquid-liquid extraction step
whereby the boron values are removed, as this inrpurity is a'lso very detrimental
to electrolytic cell operation. Next, the brine passes through a preheater in
which it is heated and further concentrated prior to being fed to spray dryers.
The spray dryers convert the concentrated brine to a dry Mgc'12 powder. This
product contains about 4X HgO and 42 combined water. The l4g0 is formed by

hydrolysis of i4gC12 as shown:



-4-

Equati on 2.

MgCl2 + HZO MgO + zHCl

Utilization of energy in the feed preparation step of the plant is
extremely efficient. In order to ensure the availability of some on-site power,

part of our power is generated in gas turbines. After producing power the

exhaust gases pass from the generator to the spray dryer at approximately 9300F

where the heat is used to form the magnesium chloride powder. These gases leave

the spray dryer at about 5500F and are then used as the heat source in the

concentrating and preheating of the brine pripr to feeding it to the spray

dryer. This gives an overall energy ut'ilization of over 80?. Gas burners are

available to operate the spray dryer when the turbines are not in use.

The spray-dryed powder is stored until fed to a melt cell. In this vessel

the powder is melted and further purified with chlorine and_other reactants to
remove Mg0, water, bromine, and other impurities including most heavy metals.
This is a continuous process and as powder is fed to the melt cell, molten salt
overflows from the melt cell through a launder and into a reactor ce'll where the
puriff cation is comp'leted., The reactor cell vessles are brick 'lined and

approximately 13' X 1.7' X I' deep. The melt temperature is kept at 1550oF by

providing sufficient alternating current to maintain this temperature.

Removal of impurities is complex, but can be summarized by the foilowing
simplified equations:

Equation 3.

MgO+LlzC+C1Z

Equation 4.

l'lgCl2 + ll2C02

Hzo+712c+c12

Equation 5.

2HC't + I|TCOT

MgBr2 + C1Z MgCL2 Br2



Bromi ne

Boron

Magnesium Oxide

l,la ter
Sul fate

HCi produced from the
recovered as concentrated
limestone (oolitic sand) to

Equation 6.
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The product continuously overflows from the reactor ceiis and is fed

directly to the e'lectrolytic cells. The specifications for this materia'l are as

fol lows:

Less than 0.012

Less than 0.00f2

Less than 0. l0Z

Less than 0.102

Less than O.0iU

I

chlorination of water as shown in Equation 4 is
hydrochloric acid which is subsequently reacted with

produce the CaCl2 needed for desu'lfation:

2HC1 + CaC03 CaC'12 = H20 + C02

Excess unreacted chlorine in the offgas is thermaily converted to HCI in a

burner at 1850oF. This HCI is also neutra'lized.

Production and Handling of Magnesium Metal

Molten salt containing about 94? MgCl2 is transferred to the electrolytic
cells on a rigid schedule. The cells at Rowley are essentially a modification
of the I.G. Farben cell developed in Germany in the 1930's. These are normally

referred to as I.G. cel1s and figure 2 shows a sketch of a typical cell. This
cell consists usually of three to five graphite anodes with stee'l cathodes on

either side. Semiwalls extending from the top of the cell down into the bath

isolates two gas compartments. The gas compartments around the anode collect
the chlorine gas, which is generated on the anode surface. The chlorine is then

evacuated to the chlorine recovery piant. The cathode comparfitent collects the

nngnesi um me ta1 whi ch f I oa ts on the sal t. The magne si um me ta I i s removed f ror*

the cells each day and sent to the cast house. (Sufficient air is passed over

the cathode compartment to remove any fumes and then through a scrubber in order

to keep the environment around the cells in safe working condition.) Sealed
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cells were developed in the mid 1990's to further improve capture of cell fumes

and improve magnesium recovery rates while improving electricity usage. The

metal transferred to the casthouse is conditioned, purified as needed, al'loyed

as required and poured into molds for shipment. These molds may vary from 16

pounds to 5OO pounds or more and may be in the form of special shapes in order

to serve specified end uses. Severa'l a11oys as well as high purity magnesiur,t

form part of products available.

USE OF PRODUCTS

I n 1991 the tota'l f ree wor1 d consumption of magnesi um approached 243,500

short tons of which about 120,000 tons were consumed in the United States. The

plant at Row'ley is the third largest in the free world and represents about 152

of the world production and 302 of the domestfc production.

The'largest single use of magnesfum is for alloying aluminum to provide

strength, ma1'leability, and corrosion resistance. The alumipum beverage can is
the largest sing'le user, but significant quantities of aircraft and automotive

sheet also require magnesium additions.

blhen magnesium is added to iron, brittle gray iron is transformed into
higher strength ductile iron. Automotive crankcases, which used to be forgings,
are now ductile iron. Magnesium powder is injected into steel to remove

embrittl ing sulphur compounds.

Magnesium is used as a reducing agent in the production of titanium,
zirconium, hafnium, and beryllium. 0ther chemical uses are as a grignard
reagent, motor oil additive, pyrotechnic material, and as consumable anodes for
cathodic protection.

As a structura'l material, magnesium alloy AZ91 is most viable as a die
casting for chain saws, lawn mower housings, the famous Volkswagen Beetle
engi ne , cl utch housi ngs, transmi ssi on casi ngs and various automotive parts.
Extrusions, tooi p1ate, sheet and plate also find a variety of uses.

llhi1e rnost of the magnesium produced is for domestic consumption, Magcorp

has shipped material overseas primarily to Europe, South America, and Japan.
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A co-product to magnesium is chlorine, most of which is recycled in the
process; however, excess chlorine (approximately 10,000 ton/year) is being sold
in the Salt Lake area and the western United States. Chlorine has a variety of
chemical uses and is also used in water purification. The plant at Rowley
provides a Utah source of chlorine to replace that previously shipped in from
the Pacific Northwest. Chlorine in excess of use and sales is a]so converted to
HCI or CaCl2.

0ther byproducts presently being considered from the production of magne-
sium at Rowley, utah are cacl2, Hcl, lfthium compounds, and bromine compounds.
In addition, miliions of tons of sa'lt are being deposited in the ponds- These
salts are largeiy sodium chloride and various sulfates. Sales of these salts,
direct or after modification, provides added income. Other byproducts from the
pond system and the plant are potentia'l income producers.
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